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Performance of Dowel Laminated Timber
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Abstract: Dowel laminated timber (DLT) is only composed of wood dowel and laminated timber of a kind of non-glue

and non-nail, nearly full solid wood engineering wood products. DLL'T can be used as beams, walls and floors. It has

the characteristics of the material economy, green and low carbon, and a high degree of prefabrication. A brief

overview of DLT was given from the aspects of construction and classification, and the performance research results

of DLT in recent years in terms of the dowel, dowel joints, and components are systematically reviewed , including

the embedment performance of dowel-laminate, shear performance of dowel joints, bending performance of DLL'T

beams, vibration characteristics of DT plates, et al. On this basis, the shortcomings in the performance research

of DL'T are summarized, and the fundamental problems to be solved in the study of DLT are put forward.
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Table 1 Comparison of mechanical properties of part wood species before and after compression treatment

Before modification

After modification

Object Method
o/(g=em®) 6,/MPa E/GPa  p/(gcm ™) s,,/MPa E/GPa
Populus euramericana” Hot-humidity compression” 0.478 57.7 5.4 0.738 126.0 10.8
Cunninghamia lanceolata™ Hot compression” 0.362 74.3 8.2 0.692 137.0 20.7
Picea sitchensis car™" Hot compression” 0.458 90.0  14.0  0.606—0.800 96.0-115.0 25.0-31.0

Note: 1: @ The compressed wood was first softened by steam at 130 “C for 40 to 80 min. Then the fixed compression molding process, control

temperature of 100 °C, unit pressure 5 MPa, and compression rate of 50% ; Finally, the heat treatment was carried out at 180 “C, maintained for
40 min, and then forced cooling. @ The optimal process conditions were the compression rate controlled at 50%—60% , compression time at 20—
30 min, and hot pressing temperature at 180—200 “C. 3 The compression treatment was first soaked in water at 20 ‘C for 2 days. Then the fixed
compression molding process, control temperature 180 “C, compression rate of 33% —67%.2: o is the density; g, is the bending strength; E is the
flexural elastic modulus.
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Fig. 3 Sketch map of V-DLT or W-DLT
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Fig.5 Structure of dowel cross laminated timber'!
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Fig.7 Detail construction of laminate
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Fig.8 Failure mode of double-shear joints'
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Table 2 Pullout resistances of dowel from the experimental results in literature

Pullout
. . . Insertion Dowel-hole Processing Insertion u ou Pullout
Resource  Dowel material Laminate material . . L resistance/
depth/mm  diameter ratio method direction KN strength/MPa
Rotary welding 1 1.89
Ref. [26] Beech Beech 30 10/8
Rotary welding Vi 1.44
36 1.77
Ref.[27] Densified poplar  Pinus sylvestris glulam 12/9 Rotary welding /
72 2.59
10/10 Gluing 1 4.08
Ref. [28] Bamboo Beech 20
10/9 Rotary welding 1 4.44
Densified poplar 3.47
Ref.[29] Scots pine 48 12/9 Rotary welding Vi
Natural poplar 0.39
10/7 2.97
Ref. [30] Bamboo Beech 38 Rotary welding 1
10/9 3.38

Note: /—Parallel to the direction of wood grain; | —Vertical to the wood grain direction.

BEXFAHS B4 M RE 1 T ST D, T BAE AR
SR, R SR ) . Toana 5 R BREE T AR
J12E R, X 12 mm B VY 2048 (manilkara spp) K5
HEAT T A g, WS T A e IR R B
1.78 kN . Bt 45 Jifl Il 25 4 2 40.05 kKN - mm, 7 g &
FAOL TR BAR A WA B 09 12 mm BE R B 1 BT
LR RE (P15 i Ik 2K 48 77 0.52 kN B0 4 i Ik &5 46
17.84 kN-mm). XK W], >4 ELARAH [ I, A5 9 1 ik
K AR HS BB IR R 27 RIS e S R A R
( ULV 20 A8 F0 A K S % R 2 i) O 1,127 g/em’ Ml
0.711 g/cm?).

22 KRIE-BEREEREERE

Wk o e il 238 B X (European yield model,
EYM) Hh A 2 Fh oA 8 3% 4 S PE IR, 20 301l A J2
B R T S e C T R0 T ) A 0 22 Al B A 7R [] s
et A T I IV ) A 3 4 1 g 2 P B 3 22 32 J2 A i
7R HS 5 BE B BT T B R R T e R R R R
S R DR i IR BB B UP M E S — e
PEHY R MRS AR T I E AR AR L Y
MR B 5T 2 S AR A — 2 AR R — SR AR A A R
WEIEE D . bR SR 2 AL 30 7 X e 4 A A —
R 1 e B R 2 MR FEAT 1 NSO A S R R R
B, 65 R WY - TR 4 A B — I 5 A2 AR S0 S
T 7K R 58 B 4y 5 O 29.37~36.30 MPa il 16.59~
19.54 MPa, TS 5748 7K F 38 B2 B S A0 T B 20 s W
K &5 #) $L3E BS EN383¢{Determination of embedding
strength and foundation values for dowel type
fasteners)FI5E E ARSI MIE ASTMD 5764-97a(2013)

{Standard test method for evaluating dowel-bearing
strength of wood and wood-based products) #J it # A
THE T b T 0 e 40 A S — 5 AR )2 A ) T80 R T
5 B (2 X1 22 B 4 43 il 5.15 %6 M1 8.52 %) , T X F
0 R 7 i R A A R T 15 22 (66 X % 22 R
I3 o35 19.9290 F127.25%).

WF5E K B, J2 A b 2 368 A — J2 Al Rl 7R M fiE
A —E 50 . Toana %57 % A1 12 mm B V8 21 48 A 45 43
WS mAZ s AZH CLT MEERZ A G I ST IS
B R R T, A5 B 3RO — 2 MR R R T SR A,
A3 11.3.11.9.12.7 MPa. JZ2 8 % i i K3/ 58
A B2 CLT MatZ , R BEE E RS BRI R,
A — 2 B 5 R 7 T 5 B AT S Ky i e Hi%
FIAW

R Tl 2 6T A B — T2 AR R T P B B R ) A
FE 43 B . Toana 55 SR F 4 Lk A7 I 20595 A8 7R e 3k
5, A VLR - S A2 R - = A2 2 R
JIE 450 7R FE 58 JBE A 4359 o4 11.3.31.3 MPa, A8 5 I 80 4
O i i ] AR PG AT L B AR TR
FH 2 L AT 1 SRS A R R, A REAR Y — =
K2 /08 /¥ #2 (SPF) JZ Al 5 9 89 —SPF JZ A 1 80 Y 5
PR 58 FEAS MR, 5331 O 28.20.,28.36 MPa. 24
WFFEAE RAS [ 9 S5 DR Dy - — 5 T, RE 2 A Aol 2 X
U5 R R T BB AT 52 W0, 0 S 5 R K T P A
AR TR 5 53— J7 W v] BEJE R T AN TR 1358 O 7
FPEAG 7 3. W5 26 B B A R R 5 B 19 3 56 1k
ANV 7 208 R 230 5 R 7R T 5 B2 A R BRI, X
BAES TG T ST b e — 2 A A
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Fig.9 Schematic map of wood dowel shear test
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LA AR i — SO, He 4 AR 1 s A BR AR 28 0 IR
58 J3E RN RE A8 I P8 T A R 45 A B 1T 400 1 I 3 1G]
AN TR sz ) AT TR RO R SO R 4R R (B A
T 5 10 A B 7R 2 7 R0 e WIEE 4353 R 6.10~7.65
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v 45 R T 4 AR AR 07 5 TR 1 B B R 3 T AR
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i 22 5 A ORI BT BRI 5, BT T K X
A (EH % 10 mm P 4 % B 0.703 g/cm’, 3 K %
2% . Hi 25 R BF 93.68 MPa) fl [ 42 4T ( 2
5.2mm. Gk EE A 10.3 mm P R EF 1 184.3 MPa)
) A B 17 28400 B O R A P R B B BT R R L 2 2R
W] oK XA B By A BR A 2K T B BORET (95 3 4
SR 3.62.5.25 kKN) AEPE R E 5 3 SR ET A LR 3
430 2.02.2.39) ) b W EE BT A T B SR ET (R
#4394 1.11,0.38 kN/mm).

WFoE kB, AR BRI, 2 A Fh 2 JEE B R T 07
A XA T DU BT PR R HE 2
231 KREHFZE

E-Houjeyri %™ 76 58 G FR N2k 214 T X =
R - 46 = 8 K84 (SI-SCWD) fl = 42 |2 b — 14
AKH(STF-OWD) 2 B 45 sk 47 17 WS Ty [n] Y B8 3L
B . ] 10 S AR R 26T Bt B M AR Y R
K10 SR, R 48 = A2 R85 i Bt 8y K 4% ) Ry 11.0~
13.0 kN, 8 2 /& TR 8 97 sl 19 50 85 7K 48 ) 4.0~
7.5 KN. 53 A0 40 2 AZ 1 P AR B DR A W) 2
TR XA AE — B B b ud I 4R = AR b 1 T LA
HEsR T S PUBT AR

15
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3 87
5
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4 L.
2 i » SJ-OWD
L L L L L .S\J-SCWD
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Deformation/mm
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Fig. 10 Effect of dowel types on shear properties of joints*”
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20.14.12.97 kN 1 7.06.3.65 kN/mm , 8 A JZ #3514
(A0 BY 58 B RN NI EE AL T = A2 R OR 2 AR 110 2 B i
PEAST R R 2L R Y R T 2 A2, R4 = 2 A
A LA 8 ST B A B AT 6 I

e 3 AN [R) = M JEE BE AE XBT 5 Y s
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Table 3 Comparison of mechanical properties of different thickness of laminates in double-shear test *"’

Edge laminate Core laminate

Dowel diameter/mm

Initial stiffness/(kN+

Shear beari
car hearng Yield strength/kN

thickness/mm thickness/mm mm ) capacity/kN
12 12 24 5. 37 6.35 11. 66
12 36 48 2.51 9.98 12.69

Note: The laminate of the specimen is glulam, and the dowel is densified poplar. All variables are consistent except the thickness of laminates.

233 HAbHZE
M 3 A A 3% 12 TR JRUBE KR8 5 2 dl & T
7 3 3 A A AR R R A AR R
AR B A R R E B Bl N B AR A B R T R A
s A S A RS B 3K R (9 S 38 B BT R 2R
(6.786 kN ) W& &5 T 3 e % 204 (6.127 kN).

PEAI , A T AT B M BBt R B 1Y 2B 5
AT 400 1 7T 32 B8 0 3 5

3 DLTHIGMHEEHR
HRTEE G DL T #2572k REBF 9 3 B8 4 16 1

DLT ARHEMERE DL T Mo ok G fdk shas k.
3.1 EEDLT AR
3.1 MEREXTH

FAE T YA FZEWE S DLT KRS A
PP EREXT . R AL AR E DLT RIS
S I FNBT S NI B IR T A R B, 43 29 S A R
SR 1/2 70 1/4 548 e KA B RN ZE P B S A T I & K
PRI A ARRERY 245 . X S TR 4 ) 8 e W
BT/ =y K T e R K el O T N S
2 WP i 2w LA Ao 2 A 1] R R i RS AT AR
AT 8 135 A G A ) S 1

R4 EBHDLTAEHMEKAKREHFMEETLE

Table 4 Comparison of mechanical properties between DLT -vertical and glulam beams

Mechanical index (mean or range)

Resouree Structural composition Flexural strength/  Flexural rigidity/ Maximum .
2 . Ductility
MPa (kN+-m?) deformation/mm
Ref. [39] DLT:Oak laminate + compressed spruce dowel - 6.97 105.71 4.53
ef. [3¢
Glulam: Oak laminate — 16.11 40. 30 2.05
Ref. [42] DLT :Scots pine laminate+ compressed Scots pine dowel 19.3-30.9 — _ 1.5-4.1
o Glulam: Scots pine laminate 54.0-73.2 — — 1.2-2.0
DCLT :SPF laminate+ compressed poplar dowel 23.00 3.72 85.00 -
Ref. [43] ) .
Glulam: SPF laminate 45.06 19. 82 35.00 —

) B, AR5 2 B B £ AR % ) o A =X O i
IR 1 2 B DLT A 32 A9 il SR8 X 32 22 2 R E AR
T 25 T 4 R0 A W7 284 38 B 1% )23 A ) A 7, ] 12
i
3.1.2 MR

H A, & B DLT AR BGRB8 02 DL
BB AR OCPERE N A8 B, IR SE AR BRI W) A6 W BT A
i YL R TR AR I A WS R RS ] R (5K
i) EAR SRR AR XTI DLT R 22404
REXA H 2

(D) A B B (Bt )

O’ loinsigh %l 4 T 1R FH w8 o JE i A 1k

Laminate
misaligned

E 12 TP DLT KRPHEIRfE R

Fig. 12 Failure mode of DL T-vertical beams'”

Laminate cracking
along grain

]
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(a) Comparison of flexural property
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